ABSTRACT
INTRODUCTION
During the last few years, a lot of research has been going on for distance learning systems (Nakabayashi et al., 1997; Katayama, 1999) and many large projects such as CALAT (CALAT Project, 1998) , CALsurf (2000) , WebCAI (WebCAI, 1999) , The University of The Air (UOA, 1984) , and WIDE University (WIDE 1997; Ogawa 1999 ) have been established.
Recently, some distance learning systems, which consider a learner's capability and understanding have been proposed (Matsumoto at al., 1999; Tamaki at al., 2000) . In Matsumoto et al. (1999) , an evaluation system of historical data based on learning environment supported by educational software record is proposed, and reappearance and analysis are carried out for historical learning data. The analysis from the history can be performed, but in order to get the learner's learning condition, the historical data are needed. Thus, the analysis cannot be done in real time. In Tamaki et al. (2000) , a multimedia assisted education system is proposed. The system is able to make the teacher operating cost small and offers fine education by the cooperation of CAI and teacher. The system is able to recognize the learner who needs the assistance, but its main purpose is to support the teacher and not the learner.
In order to offer a suitable and efficient study for learners, in this paper, we propose an adaptive personalized distance learning system using cooperative agents. The purpose of our system is to deliver appropriate studying materials by judging the learner's degree of understanding. The main elements of the proposed system are the agents, which play the teacher's role and based on the learning history they analyze the understanding degree of learners. But, it should be noted that only understanding degree is not enough to get the learner's studying conditions. Therefore, the agent makes a dialog with the learner, and more accurate learner's condition can be grasped. This information is used to adapt the individual learning.
To evaluate the proposed system, we carried out three experiments and a questionnaire investigation. The evaluation shows that our system can achieve a good delivery of studying materials for different learners. Furthermore, we improved the system by adding new features such as mental action of color and the competition with other learners. The evaluation results show that improved system can further increase learning efficiency.
The paper is organized as follows. In the next section the system design is introduced. Then, we deal with data handling and discuss the experimental results. After that, we treat system improvements. Finally, we give some conclusions and future work.
SYSTEM DESIGN
The learners can access the system in any place where they can be connected to a network. To build the proposed system, we use World Wide Web (WWW) technology which is very suitable for building distance learning systems. However, the present web browsers have different functions and implementation extensions, so the system is subject to restriction on using different functions. But, if we use only text and image, almost all web browsers can meet the requirements of the proposed distance learning system.
In order to have a wide range of applications, we use only standard functions. So, the system can be used easily without depending on computer environment.
System Structure
The system is built on WWW and the agents are established on the web server. The learners can access the server to refer to the studying materials from a client as shown in Figure 1 .
The agent can grasp the learner's information and the relevance of the materials to each learner by checking the learner's network access. The agent also manages the studying materials. The studying materials are prepared on the same server where the agent is established, but they can be distributed in different servers and can be accessed when needed. After the learning session, a confirmation test is performed to check the learner's degree of understanding. The confirmation test is carried out by using choice-type forms and description-type forms. The collection of learner's information is necessary to provide appropriate studying materials to each learner. In order to make a right judgment about
Studying Materials
We use network programming materials as studying materials. They consist of HTML text, GIF and JPEG images. The system treats one page of studying materials as an item and manages the access information item by item.
In order to avoid the dependency on computer environment, we do not use materials such as moving picture, voice, etc.
In the page of studying materials, the buttons such as "NEXT'', "DETAIL'', "search'', and "EXIT'' are prepared as shown in Figure 2 . The "NEXT'' button sends a request to get the next studying material. The "DETAIL'' button requires more details about studying materials. The "search'' button searches the words and phrases in the studying materials. The "EXIT'' button stops learning. When learning is stopped, total learning time is calculated. The index shows the items that were learned and it is possible to refer to them later if it is necessary.
The studying materials are prepared to cope with various learners. The system selects a studying material that is appropriate for each learner and provides the studying material to them.
Agents
The agents are the main part of the proposed distance learning system. They deal with the following procedures: collection of learner's information; management; information analysis; learners' understanding judgment; studying materials handling; communication with learners. The agents are shown in Figure 3 and they are explained in the following.
• Register Agent (RA). This agent carries out the learner's authentication and gets the record of the learner's first-time access.
• Learner Information Agent (LIA). This agent gets the physical information of the reference time of studying materials, the number of reference, and test Perl language is adopted for the following reasons.
• Perl language is very good for text processing, therefore will have good processing results for studying materials in HTML format.
• Perl is a script language, so the compilation is easy. When CGI technology is used to build a system on WWW, the agent can not keep conditions in the program. To solve this 
Request Request
problem, the agent must put all necessary information in a file and then read the learner's information when it is necessary.
Processing Flow
The processing flow procedure is shown in Figure 4 and is explained in the following.
• First, a learner accesses the system and tries the authentication.
• Next, the learner requires a studying material.
• The agent receives the learner's requirement.
• The agent reads the information of the learner who has a request.
• A studying material provided for the learner is judged from the learner's information.
• A decision for the next studying material is made and the learner can access the studying material.
• Get the studying material and send to learner.
• Renewal of information.
• The learner starts studying.
The proposed system has five modes: Registration Mode, Study Mode, Test Mode, Question Mode and Inquiry Mode (for the teacher).
Registration Mode
First, the learner accesses the system and makes the registration by inserting his name and e-mail address. After that, the learner replies to a questionnaire. RA collects the learner's information based on the knowledge of the studying material contents. Next, the learner goes to the Study Mode.
Study Mode
The learner starts to study appropriate studying materials. JA judges the information of RA and determines the studying materials for first delivery. The learner receives and learns the studying material. In the meantime, LIA collects and analyzes the learning history. LCA starts a dialog with the learner and grasps the learning conditions. JA processes the information from LIA and LCA, and judges the item for the next studying material and sends the studying material to the learner. This procedure is repeated for all items. When the learner has a question, he can shift to the Question Mode.
Test Mode
After learning the studying materials, the learner takes the test. TA sets the problems for each item and the learner gives the answers. TA marks the test and gives the grades, then decides whether the learner passed the test or not. If the learner passes the test, the procedure is finished. When the learner did not pass the test, the questions which were not understood are given once again. If the learner passes, then the test is finished. Otherwise, if the learner did not pass again, TA gives an order to return the studying materials to the learner and the system goes to the Study Mode and the learner starts to study the studying materials again. After learning the studying materials, the learner takes the test again.
Question Mode
When there are contents which the learner cannot understand, the learner can shift to the Question Mode by a self-declaration method. QA manages the contents of questions and answers of each learner by using a Question Database (QD). Some of the answers can be sent to the learner by using the past examples in QD. When the answer is not in QD, then QA asks the teacher. When the teacher has accessed the system, the teacher and learner can contact each other by using the Question Chat (QC). In the case when the teacher has not accessed the system, the learner sends an e-mail and asks him for help.
Inquiry Mode
By using this mode, the teacher can access the system in order to know the learner's information. Thus, the teacher can grasp the learner's study situation. The teacher can also process the learner's questions.
Judgment Algorithm
The flowchart of judgment algorithm is shown in Figure 5 and is explained in following.
• Check the progress and learning time and compare with the standard time.
• If the learning time exceeds the standard time, a confirmation test is performed. • Otherwise, check the degree of understanding.
• If the understanding degree is low then select a simple item. On the other hand, if the understanding degree is high select a difficult item.
• Based on the decision, a studying material is decided and the agent can access the studying material.
• Read the object file from server and provide to the learner.
• Renew the information of the item reference time, number of reference, reference time of previous item, learning processing time.
• Calculate the average of reference time and total learning time.
• Examine the learner's information.
• Make question list of a confirmation test.
• Renew the information and compare again progress and learning time with standard time.
• Repeat this procedure until the progress time or learning time is more than standard time.
• Then, make the confirmation test.
The test for a learner is carried out as following.
• A question decided from the question list is sent to the learner.
• The learner answers the question.
• Return the result to the system.
• Marking and recording of results.
• Send the next question.
• If the question list is empty, test is finished.
The learner's examination is based on the information that the agent has collected. The system utilization is examined from learning personal history. The learning time is predicted from the comparison of the average reference time and average standard time (the standard time is set up when the studying materials are prepared, and is modified by considering the learner information). Considering the time which a learner uses the system and the degree of learner's understanding, the learning time is measured. Based on the judgment algorithm, a studying material is decided for each learner.
It should be noted that it is difficult to do an accurate expectation, because there is little information for decision. However, the learning tendency can be found by taking statistics from many examples. 
DATA HANDLING
As learner's information, the agent collects the system access information and after that the information analysis is carried out. By using CGI technology, the referred time of studying material, the host name which a learner uses, the browser, and the last page, referred information can be obtained. The reference time of a studying material, the number of reference, and the referred sequence information is known from the previous access information. The agent analyzes the above information to know learner's knowledge and judges the studying material which is appropriate for each learner.
We use the following information as learner's information:
Learning Progress
It is the progress of learning or the item which was learned.
Total Learning Time
The total learning time that user uses the system.
Average of Reference Time
The average referred time for each item.
Tested Time
The time until the test finished. After the test is finished, this value is registered.
For each item, we use the following information:
Referred Time
The time agent delivered a studying material.
Reference Time
The time until a request for the next studying material is sent.
Number of Reference
The frequency a studying material was referred to.
Testing Time
The time a learner answers the test.
Test Result
The result a learner gets from the test.
Re-Learning Item
The item a learner did not understand.
After the above information is known, the degree of understanding can be examined. The item information is recorded and renewed by the agent when a request comes. The learner's information and item's information for each learner is saved in different files.
EXPERIMENTAL RESULTS

Experiment 1
We examined the user's learning behavior by experiment 1. In this experiment, the learner is a first-year undergraduate student. Therefore, he has little preliminary knowledge. Table 1 shows the data collected by agents while the student was using the system. Based on the data of Reference Time (RT) and Number of Reference (NR), the learner's understanding is judged.
When an item has a long RT and a big NR, it is presumed that the studying material has been difficult for understanding. For example, in this experiment, the item 9 was referred for 6 minutes and the NR is 4. This means, this item was more difficult to understand comparing with the other items. Based on the learner's data, the agent is able to judge the learner's understanding and deliver appropriate materials to learners.
Experiment 2
In this experiment five learners used the system. The system recorded the RT of learners for the studying material and then tested the learner understanding. The Average Reference Time (ART) and Average Score (AS) are shown in Table 2 . When a study material is referred to for a long time, a low score is given to the learner (e.g., items 10, 15, 23).
It should be noted that learner access time for studying material is different. This is because of reading speed, interest on the material, preliminary knowledge and study desire. Therefore, it is important to consider for material delivery not only the learner's degree of understanding, but also the personal differences between the students.
Experiment 3
In experiment 3, 15 learners used the system and we collected the following data: Test Result (TR), RT of studying materials, and NR of each item. The Average Value (AV) and Standard Deviation (SD) for each parameter are calculated by us- ing formulas (1), (2), (3), (4), (5), and (6), respectively. The deviation values of TR (TRD) are decided based on formula (7), the deviation values of RT (RTD) are decided by formula (8), the deviation values of NR (NRD) are calculated using formula (9), and the Reference Efficiency (RE) values are calculated by formula (10). In these formulas, xi, yi, and zi are the data for each user in TR, RT, and NR columns, as shown in Table 3 . The learner's grouping is carried out based on TRD and RE. In order to verify the experimental results, after the experiment, we carried out an investigation for each learner using a questionnaire, and Table 3 and the grouping of learners is shown in Figure 6 .
• Group I has a good RE value, but TRD is not so good. The learners in this group have a low degree of understanding. According to the questionnaire investigation after the experiment, it was proved that degree of understanding was low, because there were many careless mistakes. Therefore, the agent should inform these learners to be more careful during the study.
• Group II has good RE and TRD. The learners belonging to this group have high degree of understanding. In the questionnaire, C and J said that content of studying materials was very easy. Therefore, the agents should give more difficult exercises in following learning steps.
• Group III has bad RE and TRD. According to questionnaire investigation, the learners in this group wanted easier materials. Therefore, it is necessary to give more illustrated examples such as animations or images in order to get a better understanding.
• Group IV has a good TRD, but a bad RE. The learners of this group have study desire, but not good study efficiency. From the questionnaire investigation, we found that three persons among four learners very carefully checked studying materials. Therefore, the agent should inform the learners to make more questions about the items they did not understand. Thus, they can increase the study efficiency.
SYSTEM IMPROVEMENTS Improved System Features
The proposed system could provide appropriate studying materials for learners by collecting information of learners and checking their degree of understanding (Koyama et al., 2001 (Koyama et al., , 2002 , but it has a passive learning style because it does not Keeping and stimulating learner's volition is an effective method to increase the learners understanding degree for a studying material. We improved the system in order to stimulate learner's volition and to make them more interested for studying materials. There are two types of learning volition: the internal and external learning volition (Tatsuno, 1995) . The former has to do with the learner's spontaneity and interest, the latter one arises from external factors such as competition with the others, rewards, and penalties.
We added new features such as mental action of color and the competition with other learners in order to increase the learning efficiency. The improved system has the following features.
Self-Determination of a Learning Course
Determining a learning course by the learner itself is more effective than studying the teaching materials given from a teacher. This can be considered a kind of self-determination. The self-determination is one of the factors that stimulate the internal learning volition. Our improved system also uses the self-determination by listing many links to other parts. After a learner finishes one part of teaching material, he can determine the next part of the learning material he wants to learn. These links are selected by considering the result of the previous parts.
Color Mental Process
The color affects the human mentality. Among the color mental processes there are some processes which are useful for learning. As such processes can be considered concentration stimulation and mind relaxation (JCRI, 1993) . Our system also uses these effects. By changing, the system interface color, the learners volition can be changed, thus the learning efficiency can be increased. Four colors are used as system interface colors: monochrome (the default color); red (encourage the learner's activity); green (stress reduction and mind relaxation); and blue (concentration stimulation).
Competition
The competition with other learners is also useful to stimulate the learner's volition. To increase the learning efficiency, it is effective to compare an individual's grades with other learners or with previous grades. After a learner finishes the exercises of a part of teaching material, the system shows a ranking table with grades of all learners. The purpose is to stimulate the learner volition by competing with other learners who have good grades. But keep in mind that the sense of competition sometimes has an opposite effect when the learner does not have good grades and he can then lose confidence. Therefore, our system selects for competition the learners who have better but close grades with the learner.
Agent Functions
In the improved system, we added more agent functions. Therefore, the agents can also perform the following procedures:
Change the Color
The system interface has a pull-down list used to change the interface color. When a learner selects the color different from the present, the agent changes the color.
Select Links to the Next Parts
Each exercise has a Standard Score (SS). When an exercise is finished, the agent marks it and compares it with SS. If the result is higher than SS, the agent selects more difficult parts than the present one. If not, the agent selects the links to the present part or the related material.
Show the Ranking Table
When an exercise is finished, the agent records the result of a learner in the information database. Next, it loads the grades of the other learners from the database. After that, it compares the results and selects two lower and higher learners that have close scores with the present learner. Then, it creates the ranking table as shown in Table 4 . If the learner wants to again solve the previous exercise, the table shows the previous results as well, in order to make the comparison. When there are not learners with high scores, the table is reduced. Otherwise, when there are not learners with low scores, the ranking table is not shown in order to keep the learner volition.
Experimental Results
In order to evaluate the improved system, eight learners used the system; we then made a questionnaire and asked the learners how the system performance was and especially how the system stimulated the learner's volition? The questionnaire content is shown in Table 5 and the questionnaire results are shown in Table 6 .
In the questionnaire, the learners answer the questions by using a five-grade system from 1 to 5. The performance evaluation is better when the evaluation number is higher. When a learner evaluates with 5, it means that the system had very good performance. The values shown in Table 6 are the average values collected from eight learners.
Considering the questionnaire results, we conclude that an improved system is an effective system for stimulating the learner's volition. The "Display of Ranking Table' ' has the highest result. In con- Would you like to study in the future using such learning systems? 
Discussions and Considerations
In the last part of the questionnaire, we put a space where each learner can write freely his opinion about the system performance. Considering these opinions, we found the following problems about the improved system.
• The change of interface color and design has a bad effect if the learners do not like those colors and the design.
• The teaching materials used in the proposed system were difficult to understand. The teaching materials seem to affect the learning volition. Therefore, inserting images and animations in the teaching materials will be a good way to stimulate the learner's volition.
The interface color of the system is changed by the learner itself and the number of interface colors is limited. Thus, maybe the learner does not have a favorite color. In such a case, the learner volition may be decreased. Also, the "color psychological effect'' which we intended to use by changing interface color did not work well.
Most of the teaching materials used in the experiment were text, so the material understanding was a little bit difficult. From the experimental results, we concluded that improving the teaching materials content is also necessary to stimulate learner's volition.
CONCLUSIONS AND FUTURE WORK
In this paper, we proposed an adaptive personalized distance learning system using cooperative agents. The system is able to deliver appropriate materials to learners by collecting and evaluating the learner's information.
In order to evaluate the system performance, we carried out three experiments.
From learning behavior results, we conclude: the learners that refer to the studying material for a long time have a low score; the learners that progressed to the next item understood all item contents or a part of item contents; the learner's access time for studying material is different, this is because of reading speed, interest on the material, preliminary knowledge, and study desire.
The test results show: the learner degree of understanding can be judged; for study materials delivery, not only the learner degree of understanding but also the personal differences between the students should be considered; when the learner's study desire is low, the agent should provide an interesting material such as animations or images.
We verified the experimental results by investigating the learners using a questionnaire and compared the experimental results with questionnaire results.
The evaluation results show that by making the grouping of learners, the agents can decide what kind of materials should be given to learners.
From the experimental results of improved system, it was proven that :Selfdetermination of Learning Course'' and "Competition'' were effective ways for promotion of learner's volition. We think
